Erbium-doped fiber laser (EDFL) is demonstrated using low cost multi-walled carbon nanotubes (MWCNTs) based saturable absorber (SA), which is prepared using polyvinyl alcohol (PVA) as a host polymer. The multi-wavelength operation is achieved based on nonlinear polarization rotation (NPR) effect by incorporating 50 m long photonic crystal fiber (PCF) in the ring cavity. The EDFL produces a stable multi-wavelength comb spectrum for more than 14 lines with a fixed spacing of 0.48 nm. The laser also demonstrates a stable pulse train with the repetition rate increases from 14.9 kHz to 25.4 kHz as the pump power increases from the threshold power of 69.0 mW to the maximum pump power of 133.8 mW. The minimum pulse width of 4.4 µs was obtained at the maximum pump power of 133.8 mW while the highest energy of 0.74 nJ was obtained at pump power of 69.0 mW.
I. INTRODUCTION
OTH multi-wavelength and Q-switched EDFLs have wide applications in optical communications, sensors and instrumentations [1] , [2] . There are many different methods have been proposed to achieve multi-wavelength lasing at room temperature such as cascaded stimulated Brillouin scattering [3] , incorporating a semiconductor optical amplifier or raman amplifier and four-wave mixing (FWM) [4] . Recently, NPR [5] which can induce intensity dependent loss is also widely used for multi-wavelength laser generation. On the other hand, Q-switched EDFLs can be generated using either active or passive techniques. Compared with the actively Q-switched ones, passively Q-switched EDFLs have attracted much attention for their advantages of compactness, low cost, flexibility and simplicity of design. Different kinds of saturable absorbers, such as the transition metal-doped crystals and semiconductor quantum-well structures [6] , have been applied to realize Q-switched EDFL. However, when they are used in the laser cavity, additional alignment devices, such as lens, mirrors or U-bench units, have to be applied. This may increase the insertion loss and the complexity of the laser cavity.
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carbon nanotubes (SWCNT) material as a SA has been widely investigated in Q-switched fiber lasers [7] . This is due to their inherent advantages, including good compatibility with optical fibers, low saturation intensity, fast recovery time, and wide operating bandwidth, while the other types of crystal and semiconductor based SAs cannot be used for an all fiber laser structure due to their relatively big volume. Recently, MWCNTs [8] have also attracted considerable interest because they possess many advantages such as good thermal characteristics and ease in fabrication or growth. Compared with SWCNTs, the MWCNTs also have better mechanical strength, and higher photon absorption per nanotube due to its higher mass density of the multi-walls. These favourable features are due to the structure of MWCNTs which takes the form of a stack of concentrically rolled graphene sheets. The outer walls can protect the inner walls from damage or oxidation so that the thermal or laser damage threshold of MWCNT is higher than that of the SWCNT.
In this paper, a Q-switched multi-wavelength EDFL is demonstrated using a simple and low cost MWCNT-based saturable absorber, which is prepared using polyvinyl alcohol as a host polymer. The multi-wavelength operation is achieved based on NPR effect by incorporating 50 m long PCF in the ring cavity. The SA is integrated in the EDFL ring cavity by sandwiching the MWCNTs-PVA SA thin film between two fiber connectors to achieve a stable pulse train with 25.4 kHz repetition rate and 4.4 µs pulse width at 133.8 mW 1480 nm pump power.
II. EXPERIMENT ARRANGEMENT
In this work, the key part of Q-switching generation is the fabrication of saturable absorber incorporating dispersed MWCNTs. To match the EDFL operating at 1550 nm, the choosing of MWCNTs with suitable mean diameter and distributed diameter range is a critical step. In this work, we used SWCNTs with the purity of 99%, distributed diameter of 10-20 nm and length of 1-2 µm. The host material was PVA, which is a water-soluble synthetic polymer with monomer formula C 2 H 4 O. It has excellent film forming, emulsifying, and adhesive properties. It also has high tensile strength, flexibility, high oxygen and aroma barrier, although these properties are dependent on humidity. Firstly, the MWCNTs material is functionalized so that it can be dissolved in water. The functionalizer solution was prepared by dissolving 4 g of sodium dodecyl sulphate (SDS) in 400 ml deionized water. 250 mg MWCNT was added to the solution and the Fig. 4 (b) . The multi-w he light is spli ifferent nonlin CF owing t rientation of t otation is cor asses through n the rotation ntensity. The c ntensity equal nhomogeneous As a result, th nduced by NP an lead to a olarization sta multiwavelengt pectrum of th ower. As sho eak power in wavelength spa owers. 
